In bacterial transformation, the irreversible uptake by a cell population of DNA extracted from a variant strain is followed by integration and expression of the variant "information" carried by the transforming DNA. Little is known of the details or mechanism of transformation after uptake of the DNA by a cell, i.e., of the process of integration which results in a permanent hereditary change. One must conclude from studies on linked transforming factors, however, that some process of recombination is involved.1 3 The studies reported in this paper were designed to determine the time and some of the conditions for recombination during transformation.
In the experiments to be described, cells marked by resistance to one antibiotic are transformed with DNA from cells resistant to the other antibiotic. At various times after uptake, samples of the recipient culture are lysed. Since lysis releases the total DNA content of the cells, both donor and recipient cell DNAs are released. Their transforming activities are then assayed on a double-sensitive strain. This technique enables one to follow the initial appearance and increase of linked transforming activities and affords insight into the sequences of intracellular events following DNA uptake. The results demonstrate that half the maximum amount of recombinant transforming activity, as measured by linkage of donor and recipient transforming factors, can be recovered from the recipient cell population within 15 minutes after a short uptake period. Furthermore, this genetic recombination occurs in the absence of either growth or appreciable increase in recipient transforming activity. Generally similar results were recently reported for pneumococcus by Fox and Hotchkiss.9 Materials and Methods.-Culture strains: Rd: A stock strain of Hemophilus influenzae, sensitive to less than 3 ,ug/ml streptomycin and to less than 1 ,sg/ml cathomycin. This strain was obtained originally from Alexander and Leidy.8 S: A strain of Rd resistant to greater than 500 jug/ml streptomycin and sensitive to less than 1 jug/ml cathomycin, obtained by transforming into Rd a factor for one-step high-level streptomycin resistance. This marker was originally isolated by Alexander and Leidy.8 C: A one-step mutant of Rd resistant to at least 2.5 /Ag/ml of cathomycin and sensitive to less than 3 ,g/ml streptomycin.
Media: The growth medium used was a 50:50 mixture of Levinthal Stock and three per cent Eugonbroth (BBL), to which was added 2 ,g/ml DPN.5 For plating, a final concentration of 1.25 per cent Bacto-agar (Difco) was added. These media are referred to as Elev and Elev agar respectively.
For dilution of cells for plating, 3 per cent Eugonbroth (BBL) was used.
Transforming preparations: C DNA: A purified preparation of DNA5 extracted from C (concentration of 0.5 mg DNA/ml). S DNA: Deoxycholate lysates of concentrated suspensions of S (approximate concentration of 0.02 mg/ml DNA).
Preparation Incubation of the culture was continued with shaking. After allowing two minutes for the DNAase to destroy the unabsorbed DNA and at intervals thereafter, samples were removed and used for the determination of the total number of viable cells, the number of transformed cells, and the preparation of cell lysates. In the determination of the total number of viable cells per ml, samples were diluted appropriately, mixed with nonselective Elev agar, and incubated. The number of transformed cells per ml was detected by an agar layer technique: appropriate dilutions were mixed with nonselective Elev agar, and after two hours incubation to allow time for expression of the transformed characteristic, one set of plates was overlaid with agar containing cathomycin and another set with agar containing both cathomycin and streptomycin. After the overlayer had hardened, the plates were reincubated. The dilutions were selected to give about 200 colonies per plate.
Lysates were prepared from samples containing about 6 x 108 viable cells. formed following the same procedure outlined above. The assay for transforming activity in the recipient cell lysates was performed by a slight modification of the routine transformation assay'-namely, by increasing the concentration of sensitive receptor cells in order to remove a larger part of the DNA from solution and thereby reduce the background of random doubles.3 To 0.5 ml of competent Red cells diluted tenfold in 0.125 M saline, 0.05 or 0.1 ml of lysate was added, and the mixture was incubated for thirty minutes, after which time the numbers of transformations to streptomycin resistance, cathomycin resistance, and both streptomycin and cathomycin resistance were determined by the agar layer technique. The recovery of recipient transforming activity, i.e., the percentage of single cell equivalents in the lysates which gave recipient transformations in the assay, was 15 to 40 per cent, the 508 BIOCHEMISTRY: VOLL AND GOODGAL PROC. N. A. S.
higher values being obtained when the recipient culture was C. The ratio of recovery of donor transforming activity to recovery of recipient transforming activity was high, closely approximating that expected on the basis of the number of cells transformed.
Experimental Results.-Recovery of recombinant transforming factor under conditions of normal growth of the recipient cell population: When a population of competent S cells was exposed to C DNA in Elev medium, the transforming activities present in the recipient cell population could be followed through several generations of growth. The results of such an experiment are presented in Table 1 , in which the data from the assay are presented in the form of ratios, and in Figure 1 , in which the numbers of transformed colonies obtained in the assay (1B) and the number of viable recipient cells and the number of transformed recipient cells (1A), are plotted as a function of time. Zero time in all experiments reported is two minutes after the addition of DNAase to the recipient cell population.
The data show that the recipient cell population, except for a possible slight lag, increased exponentially with the usual generation time of 30 minutes. The increase in recipient S DNA as measured by transforming activity, was proportional to the increase in recipient cells (Fig. 1) . The recovery of donor C DNA remained constant or dropped slightly during the first 30 minutes after uptake (Fig. 1B) , a fact indicating that there was either a lag in the replication of the introduced variant genetic information or that there was some loss of this information compensated for by a replication of the activity which remained. This lag showed up as a twofold drop in the donor/recipient ratio (C/S column, Table 1 ) during the first 30 minutes. By 30 minutes after uptake, the donor DNA was increasing at the same rate as the recipient DNA (Fig. 1B and Table 1 , C/S).
A striking result was the early recovery of linked donor-recipient transforming activity (SC) from the recipient population (Fig. 1B and Recombination in the absence of growth of the recipient population: To see whether linkage of donor and recipient transforming factor was dependent on growth of the recipient population, experiments were performed in saline where growth was sharply reduced. Growth of the recipient population was inhibited by centrifuging and resuspending a competent recipient culture in an equal volume of saline. Donor DNA was added to the resuspended cells, uptake was terminated after five minutes, and the culture was further incubated for 60 minutes. In the experiment for which data are presented in Figure 2 and Table 3 , there was essentially no growth of the recipient cell population after uptake of DNA, as measured both by colony count and turbidity, and there was little if any increase in recipient cell transforming activity (top curve, Fig. 2 ). Nevertheless by 30 minutes after uptake, a considerable amount of linkage of donor and recipient transforming factors TABLE 
LINKAGE OF INTRODUCED S TO RECIPIENT C (SALINE)
Four ml of a competent culture of C cells were centrifuged and resuspended in 3.5 ml of 0.125 M saline and placed in a 361C water bath. Then 0.3 ml of S DNA was added and five minutes later 2.5 ,pg/ml DNAase and 0.003 M Mg++ were added and the culture was incubated further, without shaking. At the times listed 0.3 ml samples were removed, diluted into 1.2 ml of citrate saline, and immediately heated for twenty minutes at 640C. The heated samples were centrifuged, resuspended in 3.0 ml of citrate saline, and lysed as described in the text. The recipient culture was also sampled at the stated times for a determination of viable and transformed cells. Turbidity measurements were made on a Coleman Junior Spectrophotometer.
The recipient cell lysates were assayed for transforming activity as described in the experimental procedure. Two assays were performed using 0.1 and 0.05 ml of lysate respectively. The results of the assay are plotted in Figure 2 . In the table and in the graph, the S and C classes include the SC class.
RECIPIENT had occurred (bottom curve, Fig. 2 , and SC/S and SC/C columns, Table 3 ). The results of this experiment have been confirmed by a reciprocal experiment in which the recipient S population after resuspension in saline was preincubated for 15 minutes before being exposed to C DNA. Once again there was no detectable increase in viable count, turbidity, or recipient transforming activity of the recipient cells after uptake. By 60 minutes after uptake, the recombinant/donor DNA assay ratio was 0.16, a value which compares favorably with the ratio obtained for a similar time under conditions of growth (see Table 1 ). Nature of the recombinant linkage: Evidence that recombinants do not represent a spurious linkage was obtained by the following procedure. The DNA from the recipient population was isolated and purified following uptake of donor DNA. Table 3 . Open circles, 0.5 ml of lysate; 2.4, which value is obtained for purified closed circles, 0.10 ml of lysate. S, strepto-DNAs in this laboratory. As shown in mycin-resistant; C, cathomycin-resistant; SC, treptomycin-and cathomycin-resistant. Table 4 , a recombinant to donor ratio of 0.12 was obtained for the purified DNA. This value is close to those obtained for crude material under similar experimental conditions (Table 1) . Furthermore, this ratio remained constant over a hundred-fold dilution range of the purified DNA preparation. February 6, 1961 It has become increasingly apparent in many systems that the interaction of animal virus and host cell results in the production of antigenic materials readily separable from virus.'-' Although in most instances little is known about the nature or origin of these antigens, evidence has been presented in at least two instances which may be interpreted to indicate that certain of these materials are related to infectious virus, either as virus precursor materials,6 or alternatively, as materials released by the degradation of newly synthesized virus.7 A primary obstacle to a more thorough study of such antigens as regards their relationship to the virus synthetic process has been the problem of separating these materials, first from normal cell components, and secondly, one from the other, so that each could be characterized independently of the others.
